LiGaSe as the functions of the temperature reduced to the Debye or Einstein temperature give the same results.
Introduction
Recently the isobaric heat capacity ) ( LiGaTe measured with DSC in a temperature range from 180 to 460 K was reported [1] . The model-free temperature scaling for the isobaric heat capacity of these substances using the data [1] were presented in [2] . The substances are close in their compositions and four of them are isostructural [1, 2] . According to [2] the temperature dependence of their isobaric heat capacities cannot be treated with any existent heat capacity model. The main reason of this problem is the excess heat capacity as compared with R 3 per mole of atoms, the upper theoretical limit for vibrational heat capacity of solids. Most experimental results after DSC measurements of 2 LiInS has its heat capacity equal to the upper limit, and one 2 LiGaS is about 1% less than the upper limit [1, 2] . Similar DSC results with the heat capacity exceeding the R 3 limit were published for many similar chalcogenides: ArGaS [7] . Adiabatic calorimetry for 2 ArInTe did show the exceeding of the R 3 limit even below 300 K [8] .
VI
We derive explicitly the equations for the isobaric heat capacity for the Debye and Einstein models of the phonon frequency spectrum in the present paper. We show that: the data [ LiGaTe are described by the Debye and Einstein models for the phonon frequency spectrum within their uncertainties; the models give the results for the isochoric heat capacity which are close to each other; the models give the close results for the difference between the isobaric and isochoric heat capacities; the isobaric heat capacities of the isostructural 2 LiInS , 2 LiInSe , 2 
LiGaS and 2
LiGaSe as the functions of the temperature reduced to the Debye (Einstein) temperature are described by single Debye (Einstein) LiGaSe [1] ) as the functions of the temperature reduced to the Debye (Einstein) temperature are described by the Debye (Einstein) LiGaSe as the functions of the temperature reduced to the Debye or Einstein temperature give the same results.
The predictions of the Debye and Einstein models for the isobaric heat capacity
We consider the harmonic crystal consisting of N atoms and having a volume V with frequency spectrum ) ,
is the volume per atom and  is the frequency.
are defined by (see Eqs. 12, 25 and 26 in Appendix)
where
is the internal energy per atom at 0  T ,  is the Planck constant and k is Boltzmann constant.
The Einstein frequency spectrum is defined by [10, 12] )] 
defined by (see Eqs. 33 and 38 in Appendix)
where 
Comparison with experimental data
The isobaric 
In order to describe the data [1] we assume that
. This assumption is usually used for description of the isobaric heat capacity of the solids [9] [10] [11] . The best fit values of the parameters
is the number experimental points [1] , are presented in Table 1 . LiGaTe in the interval LiGaTe (the red circles). As one can see from Figs. 3 and 4 the models give the results for the isochoric heat capacity which are close to each other and they give the close results for the difference between the isobaric and isochoric heat capacities. Fig. 5 LiGaSe as the functions of the temperature reduced to the Debay (Einstein) temperature are described by single Debay (Einstein) equation for the isobaric heat capacity. (16) As one can see from Fig. 8 LiGaSe as the functions of the temperature reduced to the Debye or Einstein temperature give the same results.
As known the Einstein model of frequency spectrum do not describe the heat capacity of isotropic and anisotropic crystals at low temperatures [9] [10] [11] . Therefore we cannot extrapolate our results for the Einstein model to low temperature region.
The Debye model of the spectrum is valid for the isotropic system, such as polycrystalline materials [9] [10] [11] 14] . The single crystal is anisotropic [14, 15] and therefore it has the phonon frequency spectrum which differs from that of for isotropic system [14] . So the Debye spectrum is not valid for single crystals. Therefore we cannot extrapolate our results for the Debye spectrum to low temperatures.
The differences between results of [1] from that of [4, 16] LiInS were discussed in [1] . The differences may be related to the difference of their phonon spectra because the single crystals were investigated in [1] while the polycrystalline materials were studied in [4, 16] . Therefore the compilation of the experimental data for single crystal [1] and polycrystalline LiInSe2 [16] as was done in [2] may be incorrect.
Let us consider the harmonic crystal consisting of N atoms and having a volume V with frequency spectrum ) ,
is the volume per atom and  is the frequency. The Helmholtz energy per atom ) ,
where T is the temperature,
is the internal energy per atom at 0  T ,  is the Planck constant, k is Boltzmann constant. The frequency spectrum obeys the condition
We will use the following exact thermodynamic relations [9] 
where ) , ( T v p is the pressure, and
are the entropy, internal energy, isochoric and isobaric heat capacities per atom, respectively.
The Debye model
The Debay spectrum ) ,
. We have from Eqs. 1-8 eventually 
We have for the difference between the isobaric and isochoric heat capacities
The relation which is valid at low temperatures.
Einstein model
to define temperature as the function of pressure and volume. We conclude from Eq. 49 that there are two cases 0
We conclude from Eq. 50 that 0
We have from Eq. 50 
